Purpose This retrospective cohort study aimed to determine whether age influences treatment discontinuation among insured patients undergoing in vitro fertilization (IVF). We hypothesized that the youngest patients would be the least likely to discontinue treatment. Methods All women age 18-42 who underwent their first fresh, non-donor IVF cycle from 2002 to 2013 were followed until a live birth was achieved, until they discontinued treatment at our center (not presenting for treatment for a one-year period), or until they completed six fresh or frozen embryo transfer cycles, whichever occurred first. Results Of 11,361 women included, 4336 (38.2 %) discontinued treatment at our center before achieving a live birth or undergoing six IVF cycles. Discontinuation differed by age for cycles 2-4 (all P ≤ 0.004), with the proportion among women age 40-42 averaging 6-7 % higher than the other groups; discontinuation per cycle was similar among women <30 compared to women age 30-<35 and 35-<40. This continued in cycles 5 and 6, and in the sixth, 35.2, 32.0, 32.3, and 40.2 % of women among the four age groups discontinued treatment, respectively (P = 0.17). In cycles 2-5, women in the oldest two age groups with secondary infertility consistently discontinued treatment more frequently than those with primary infertility. Conclusions We found that women in the oldest age group were more likely to discontinue IVF treatment than younger women. Surprisingly, we found that the youngest women discontinued treatment in a similar fashion to women age 30-<40.
Introduction
Most couples undergoing in vitro fertilization (IVF) report that the treatment regimen is demanding and creates high levels of anxiety due to financial burdens, large time commitments, and emotional distress. Thus, it is not surprising that treatment discontinuation is relatively common, with as many as 25-37 % of couples stopping treatment after their first unsuccessful attempt [1, 2] . With such high proportions of treatment discontinuation, researchers worldwide have focused on the reasons behind these patient decisions. The most commonly cited reason for treatment discontinuation for non-insured patients is financial strain [3] [4] [5] . For patients with insurance coverage, the most common reasons for treatment discontinuation are perception of poor prognosis [2, 6] and psychological burden [2, [6] [7] [8] .
Older female age has been consistently associated with discontinuation of IVF treatment, which is thought to be due to poorer prognosis [1, 2, 9, 10] . If older patients discontinue treatment because they believe their prognosis is poor, there could be a linear relationship between age and treatment discontinuation, with the youngest patients being least likely to discontinue treatment. However, among patients without insurance coverage for IVF, younger patients may not have the same financial resources as older patients, and younger patients may thus be more likely to discontinue treatment for financial reasons. We hypothesized that in insured populations, there would be a direct relationship between age and treatment discontinuation, with the youngest patients being the least likely to discontinue treatment. The purpose of this study was to determine whether age influences treatment discontinuation among insured women undergoing IVF.
Materials and methods

Study population and participants
This retrospective cohort study included all insured women who were age 18-42 at the start of their first fresh, non-donor IVF cycle at a large, academic-affiliated infertility treatment center from January 1, 2000 to December 31, 2013 in Massachusetts. Although Massachusetts mandates insurance coverage of IVF, this mandate only extends to in-state policies. Not all patients are covered by in-state policies, and those without individual insurance coverage for IVF were excluded from this study. Subsequent frozen-embryo transfer cycles and canceled cycles were included as distinct cycles, as has been done previously [11, 12] . We followed women until delivery of a live born infant was achieved, until they discontinued treatment at our center, defined as not receiving care for a period of at least 1 year, or until they had completed six fresh and frozen autologous embryo transfer cycles, whichever occurred first. Women who did not experience a live birth were eligible to return to care for a subsequent cycle. Women who did not return to care included those who discontinued IVF treatment altogether, those who transferred their care to another infertility treatment center, and those who chose to proceed with oocyte donation or a gestational carrier.
Embryo transfer cycles
Women underwent standard ovarian stimulation protocols, which have been described previously, for ovarian stimulation, monitoring, and oocyte retrieval [7] . Embryos were generally transferred 3 or 5 days after oocyte retrieval, and the number transferred adhered to national guidelines [13] .
Cryopreservation of embryos that were considered viable using morphologic criteria was conducted at the cleavage stage on day 3 or at the blastocyst stage on days 5 or 6 after oocyte retrieval. Patients who underwent frozen embryo transfer received exogenous estradiol with or without a GnRH agonist prior to transfer, as described previously [11] . Luteal phase support was provided through 10 weeks of gestation.
Statistical analyses
Demographic characteristics at the start of the first cycle, along with cycle characteristics and outcomes, were collected from each patient's electronic medical record for up to six fresh and frozen cycles. Descriptive data are presented as mean and standard deviation, median, and interquartile range or proportion. Treatment discontinuation per cycle was calculated as the number of women who did not return to care, as defined above, divided by the number of women who were eligible to return to care. Female patient age at the start of the first cycle was stratified into the following groups based on categories defined by the Society for Assisted Reproductive Technology (SART): <30, 30-<35, 35-<40, and 40-42 years. Differences in the proportion of treatment discontinuation between age groups were calculated using the chi square test. Differences in means were calculated using a t test, and differences in medians were calculated using the Mann-Whitney U test. A secondary analysis was performed stratifying women according to whether their infertility was primary or secondary in order to examine whether parity altered the patterns of treatment discontinuation by age. P values less than 0.05 were considered to be statistically significant, and all tests were two sided. All analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC) and Stata 12 (StataCorp, College Station, TX).
Ethical approval
The institutional review board at Beth Israel Deaconess Medical Center approved this study.
Results
Characteristics at first cycle A total of 11,361 women were included in the analysis. Of these women, 12.1 % were age <30, 34.0 % were age 30-<35, 37.7 % were age 35-<40, and 16.2 % were age 40-42 at the time of their first cycle. Primary infertility was present in 90.0, 81.7, 71.6, and 67.4 % of patients in each of the four age groups, respectively. Similarly, the presence of male factor infertility decreased with age, while levels of cycle day 3 follicle-stimulating hormone tended to increase with age (Table 1 ). In the first cycle, the age groups differed with respect to the use of intracytoplasmic sperm injection and assisted hatching (both P < 0.001), as well as the number of oocytes retrieved, embryos transferred, and embryos cryopreserved (all P < 0.001). As expected, younger women showed more favorable prognoses based on these parameters (Table 2) .
Treatment discontinuation by age
For all age groups, treatment discontinuation was least common after the first unsuccessful cycle and ranged from 14.7 % of women <30 years of age to 20.9 % of women age 40-42 ( Table 3 ). The likelihood of treatment discontinuation increased with each cycle for all women. The proportion of women who attempted a cycle and then discontinued treatment after that cycle differed significantly with age for unsuccessful cycles 2 through 4 (all P ≤ 0.002). The statistical difference was driven by women age 40-42, who had the highest proportion of treatment discontinuation per cycle; interestingly, the proportions were similar across the three younger (age <40) age groups (all P ≥ 0.18). After the second unsuccessful cycle, 27.8 % of women in the oldest group did not return for a third cycle, whereas only 17.2-20.5 % of women in each of the other three groups did not return for a third cycle (P < 0.001). This pattern continued in subsequent cycles, including the sixth cycle, whereby the proportion who discontinued treatment was 35.2 % for women age <30, 32.0 % for women age 30-<35, 32.2 % for women age 35-<40, and 40.2 % for women age 40-42 (P = 0.17).
Among women who continued or discontinued treatment after their first failed cycle, there was no difference in the mean number of oocytes retrieved ( However, in all subsequent cycles, women who discontinued treatment had significantly fewer mean oocytes retrieved (all P < 0.001) and significantly fewer median embryos frozen (all P < 0.001). Figure 1 shows the proportion of patients discontinuing treatment after each unsuccessful cycle, as well as the proportion of patients who become pregnant after each cycle attempt. As expected, although women age <30 were the most likely to experience a live birth after each cycle, the proportion discontinuing treatment was similar to the proportions among women age 30-<40 (Table 4) . Figure 2 shows the secondary analysis stratifying women by primary and secondary infertility. In general, the proportion Data are presented as mean ± standard deviation or n (%) FSH follicle-stimulating hormone a Multiple diagnoses may be reported of women discontinuing treatment was similar for those with primary compared to secondary infertility. For women in the oldest two age groups, those with secondary infertility consistently discontinued treatment more frequently than those with primary infertility, with the exception of cycle 6 where sample sizes were small.
Discussion
Consistent with the literature [1, 2, 9, 10], we found that older women were more likely than younger women to discontinue IVF treatment prior to having a live birth. This makes intuitive sense, as it is not logical to continue to withstand emotionally, physically, and financially stressful treatment if the prognosis is poor. Unexpectedly, a proportion of women age <30, who have the best treatment prognosis ( Table 2 , Fig. 1 ), discontinued treatment prior to a live birth in an equivalent fashion to women age 30-<35 and 35-<40. Women age 35-<40 and 40-42 with secondary infertility consistently discontinued treatment more often than women with primary infertility with the exception of the final cycle. While patients without insurance coverage discontinue treatment sooner than patients with coverage due to financial pressures [3] [4] [5] , our study was restricted to insured patients in a state with mandated insurance coverage of six IVF cycles. In general, younger patients may not have the financial resources to continue treatment. However, if prognosis and financial resources are the main determinants of treatment discontinuation, one would anticipate that in states or countries with insurance mandates, the likelihood of discontinuation would steadily increase with age. However, we saw no difference a Denominator is the number of women eligible to return for that cycle (the number of women in the previous cycle minus the number of women with a live birth) in the proportion of women discontinuing treatment among those age <40. In our population, which had up to six IVF cycles covered by insurance, women age <30 continued to discontinue treatment after each cycle in a similar fashion to women in their 30s. The likelihood of live birth among women age <30 who undergo IVF is excellent. Previous work from this center has shown that after six cycles, 58 % of patients age <25 and 69 % of patients age 25-<30 will achieve a live birth [14] . Why then do women with such positive prognoses for pregnancy discontinue treatment at the same rate as women who have lower chances for success? There are five potential explanations for this behavior in younger women: (1) the burden of treatment is higher for younger women, as they may have experienced less loss in their lives and have thus not developed adequate coping skills or resilience, and they may lack social support from friends who also are experiencing infertility; (2) younger women are more likely to take time off from treatment, as they perceive that they have more time to pursue conception; (3) younger women are more likely to obtain treatment elsewhere; (4) younger women are more likely to conceive spontaneously and thus discontinue treatment; and (5) the reproductive healthcare team may not be effectively communicating to these patients their excellent odds of conceiving a healthy pregnancy. It is probable that some patients experience a combination of all explanations. While conceiving spontaneously and seeking care elsewhere may not be seen as true treatment discontinuation, these women do leave treatment at our clinic, which is of interest to our center. Whether women seek care elsewhere or eventually return for treatment at our center is the a Denominator is the number of women eligible to return for that cycle (the number of women in the previous cycle minus the number of women with a live birth) subject of ongoing work. The reason for the observed findings is unknown, and a follow-up study is underway to answer this question. However, there is mixed evidence with regard to the provider-patient communication explanation. In the French study cited previously [2] , treatment discontinuation was significantly associated with the number of frozen embryos; women with the most frozen embryos were the most likely to discontinue treatment. Given that a high number of frozen embryos is a good prognostic indication of cycle success, one would expect these patients to be the least likely to discontinue treatment, which suggests that their odds of achieving pregnancy may not be effectively communicated to them. In the present study, treatment discontinuation was seen most often in women who may be considered to have poorer prognoses. One possible reason for this discrepancy is that statemandated insurance covers donor egg cycles among the six IVF cycles that women age <40 are eligible for; thus, in order to maximize their chance of a successful pregnancy, the women with poorer prognoses may have elected to move onto donor egg, which in our study was considered to be treatment discontinuation, regardless of age. A strength of this study is its restriction to patients with insurance coverage, which allowed us to largely exclude the influence of financial resources as a cause of treatment discontinuation among patients undergoing IVF, though financial burden may still affect treatment discontinuation in this setting, as many women do not have full coverage, and younger women may be more vulnerable to high outof-pocket costs. Another strength is our ability to include over 11,000 women in the analysis, making our study, to our knowledge, the largest published to date on this topic. Using this large sample size, we were able to provide more granular information than prior studies by stratifying women age <35 into two groups and calculating the proportion of women who discontinued treatment after each cycle. However, all patients were from a single treatment center in a state with an insurance mandate for IVF treatment, which is a limitation of the work, and these results may not be generalizable to patients receiving care in states without insurance mandates. Despite our large sample size, the power to detect a statistically significant difference between the proportion of women age <30 who discontinued treatment after the first cycle (14.7 %) and the proportion of women age 30-<35 (14.8 %) and 35-<40 (15.5 %) was only 5 and 9 %, respectively. However, these differences are not clinically relevant, and thus lack of power is not a concern. Additionally, we do not know what happened to the women who discontinued care, and they may have conceived spontaneously or pursued treatment at another center. Finally, we were unable to control for factors that may be associated with treatment discontinuation, such as psychological burden and perception of poor prognosis [2, [6] [7] [8] .
Counseling patients after a failed cycle is challenging for health care professionals. One is caught between emotionally supporting the patient who is mourning the cycle failure while simultaneously encouraging her to try again with the same procedure that is causing her distress. Additionally, a provider often must accomplish both objectives in a single visit. This might be an opportune time for a mental health professional to counsel all patients, but especially the younger patient. This can accomplish several goals, including providing emotional support, reviewing which coping skills worked for the patient to build resilience during previous life challenges, and teaching the patient new and effective strategies to counteract stress. These findings suggest that the ideal post-IVF failure visit has three goals. The first is to provide appropriate patient support, which includes empathizing with the patient, listening to her describe her disappointment and frustration, and answering her questions as to why the cycle failed. The second is to describe the protocol for the next cycle and to be absolutely clear about her chance for success. This includes a presentation of the number and quality of frozen embryos and/or blastocysts and what they represent in terms of her prognosis. The third is to ask the patient what resources she would need to undergo another cycle. This includes her own resources such as family and friends, as well as resources the infertility clinic can provide, including nurse counseling, a visit with a mental health professional, and/or attendance at a support group or mind/body program.
The results of this study indicate that young patients with a likely good prognosis may discontinue treatment for different reasons than older patients, as it is hypothesized that older patients discontinue treatment due to a poor prognosis. These results highlight the need for patient counseling to be age-specific, specifically with regards to informing younger patients that despite their failed cycle(s), they often do have good prognoses. Although many clinics may understand that counseling is needed to support older age groups, it appears that it is just as important for the entire team to understand that younger patients may need additional support and alternative dedicated counseling.
